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Serotonergic neurotransmission appears to be one factor in the pathogenesis of schizophrenia, 1,2 directly leading to the evaluation of variants of genes involved in serotonin function to understand the genetic predisposition to this disease. Lysergic diethylamide (LSD), which has a similar molecular structure to serotonin, produces psychosis in healthy subjects. 3 LSD is a ligand for the serotonin 5-HT 5A receptor. Mice lacking the 5-HT 5A receptor display altered exploratory behavior both in response to novelty and in response to LSD, 4 suggesting that some of the psychotic effects of LSD are mediated by this receptor. Recently, we detected a polymorphism of the human 5-HT 5A receptor gene (HTR5A). 5 This polymorphism is moderately abundant and results in the amino acid substitution Pro15Ser. We tested the hypothesis that Pro15Ser is associated with schizophrenia in a large and ethnically relatively homogeneous sample of Japanese schizophrenia patients and controls.
HTR5A Pro15Ser genotypes and alleles were associated with schizophrenia (Table 1) . Among approximately 250 schizophrenics and 250 controls, there were 34 schizophrenics who were Pro15/Ser15 heterozygotes, but only nine controls had the Pro15/Ser15 genotype ( 2 = 17.47, df = 2, P = 0.0002). The lone Ser15/Ser15 homozygote was also schizophrenic. The Ser15 allele frequencies of patients (0.07) and controls (0.02) were also significantly different ( 2 = 17.42, df = 1, P Ͻ 0.0001). HTR5A Pro15Ser genotypic distributions did not significantly deviate from HardyWeinberg equilibrium.
On a statistical basis, the association of HTR5A Pro1-5Ser with schizophrenia appears robust, and the effect size is consistent with the expected multigenic and multifactorial origins of schizophrenia. However, genetic linkage results must be received with caution until replicated, or until convergent findings become available. 6 The main limitation of this study is that population stratification can lead to spurious associations between a phenotype and an unlinked genetic locus. Despite the precaution of ethnic matching in this study, there may have been ethnic stratification bias between patients and controls. It could also be postulated that the Pro15 allele is somehow enriched by selection for behavior or performance in this control sample consisting of medical staff and medical students. To avoid false positive results due to stratification, methods using control loci are available for follow-up studies. [7] [8] [9] [10] Alternatively, the transmission/ disequilibrium test (TDT), 11 which evaluates allele transmissions from heterozygous parents of affected individuals, provides an index of association which is unbiased by population structure.
Two additional points deserve attention. First, the frequency of the rarer Ser15 allele in our Japanese control population (0.02) is lower than previously observed in Finnish Caucasian controls (0.06). 5 Allele frequencies of single nucleotide polymorphisms (SNPs), especially those causing amino acid substitutions, often vary between ethnic groups and the linkage disequilibrium between markers is even more sensitive to population of origin. 12 This HTR5A association in Japanese schizophrenics would only have been observed by comparison to ethnically matched controls. It is also possible that the association of Pro15Ser to schizophrenia is only detectable in certain populations, for example the Ser15 substitution could be merely a marker in linkage disequilibrium with a functional variant elsewhere in the HTR5A gene or in another gene also located in the chromosome 7q36.1 region. 13 The frequency of that unknown variant or its linkage disequilibrium relationship to Pro15Ser could differ across populations.
Finally, the role of the 5-HT 5A receptor in brain function is not well understood and no information is available on the functional significance of the Pro15Ser substitution. Pro15 is conserved among rat 14 and mouse 15 5-HT 5A receptors. The site of the Pro15Ser amino acid substitution is close to the N-terminus of the 5-HT 5A molecule, in what is probably the extracellular domain. Investigation of both of these issues is of independent interest, and in the event the HTR5A/schizophrenia association can be replicated, would point to the next steps in an understanding of the role of Ser15 in pathophysiology.
Subjects and methods

Subjects
The 249 Japanese schizophrenia patients included 157 males and 92 females (mean age ± SD: 50.6 ± 15.2 years). Patients were recruited from the psychiatric clinics of Fujita Health University Hospital and the National Center of Neurology and Psychiatry Hospital from 1996 to 1999. The consensus diagnosis of schizophrenia was made according to DSM-IV criteria by at least two experienced psychiatrists and on the basis of unstructured interviews and information from medical records. The 253 unrelated Japanese control subjects were matched for age and gender and included 152 males and 101 females (mean age ± SD: 46.7 ± 13.2 years). The controls, who were hospital staff and medical students, were not assessed for psychiatric symptoms by any structured interview method, however, they showed good social functioning and reported they were in good health. This study was approved by the Ethics Committee of the Fujita Health University School of Medicine and the National Center of Neurology and Psychiatry. Written informed consent was obtained from all subjects.
HTR5A Pro15Ser genotype
A 118-bp genomic DNA fragment was amplified with primers 5-HT 5A 1f (5Ј-CTC TTG AAC ACC CCT TCT GC-3Ј) and 5-HT 5A 43T/Mbo II (5Ј CGT GGT TGG TCT CCA AAG GGG AAG-3Ј) (primer annealing at 60°C) and digested with Mbo II yielding two fragments 86 nt and 32 nt in size in the case of Ser15, as described.
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Data analysis
The chi-square test was used to determine the statistical significance of the differences between patients and controls in allele and genotype frequencies. The genotype frequencies were tested against Hardy-Weinberg expectations by Fisher's Exact Test. 16 
